ABSTRACT Energy is a major cost component in diets for poultry. We hypothesized that the supplementation of emulsifier blends in broiler diets may contribute to the efficient utilization of energy and in increasing fat digestibility, thereby improving performance. To test our hypothesis, an experiment was conducted to evaluate the effect of a blend of emulsifiers on growth performance, nutrient digestibility, serum lipid profiles, and meat quality of broilers. A total of 768 1-d-old Ross 308 male broiler chicks with an average initial body weight of 45.55 ± 0.34 g were used in a 35 days feeding trial. Broilers were sorted into 4 treatments, 12 replications per treatment, and 16 birds per pen. Dietary treatments consisted of corn-soybean meal based basal diet and the basal diet supplemented with 0.05%, 0.075%, and 0.10% emulsifier. As a result of this study, the inclusion of 0.05%, 0.075%, and 0.10% emulsifier blends (sodium stearoyl-2-lactylate (SSL) and Tween 20) in the basal diet linearly increased (P = 0.0001) body weight gain (BWG) and improved feed conversion ratio (FCR) (linear effect P = 0.0001) on d 7 to 21, d 21 to 35 as well as overall. Broilers fed with different levels of emulsifier blends also showed a linear increment (P < 0.05) in dry matter (DM) and fat digestibility. A trend of linear reduction (P = 0.051) in low density lipoprotein (LDL) in the serum of broilers fed emulsifier blend was observed. The lightness value of breast muscle color linearly increased (P = 0.001), the redness and yellowness values tended to increase (P = 0.072 and P = 0.094 respectively), and the water holding capacity (WHC) showed trends in reduction (P = 0.078) with an increase in the level of emulsifier blends. With regards to relative organ weight, spleen weight was linearly (P = 0.001) reduced with the increase in the supplemental levels of emulsifier blends. A positive correlation between emulsifier content in the diet and BWG, DM and fat digestibility, and breast muscle color indices, were also observed. In conclusion, emulsifier blend supplementation positively influenced growth performance and nutrient digestibility in broiler chickens.
INTRODUCTION
Lipids constitute the main energy source for animals. Among all the nutrients, lipids contribute the highest caloric value (NRC, 1994) . The amount of energy that an animal can obtain from the dietary fat depends on the digestibility of fat. Fat digestibility is influenced by the age of animals with the absorption being higher in older animals compared to younger animals. Young animals have a physiological limitation to absorb fat because of low level of natural lipase production and a low rate of bile salt production (Tancharoenrat et al., 2013; Tancharoenrat et al., 2014) . Furthermore, a fatty acid mixture with a high amount of free fatty acid lacks the formation of monoglyceride leading to lower emulsifi-C 2017 Poultry Science Association Inc. Received April 14, 2017. Accepted September 29, 2017. 1 Corresponding author: inhokim@dankook.ac.kr cation capacity (Rovers, 2014) . In that situation, these dietary lipids get partially digested and less absorption is seen. However, this limitation can be overcome by adding emulsifier to the diet.
A molecule with a water soluble (hydrophilic) and a fat soluble (lipophilic) part is known as emulsifier. Emulsifier acts as a catalyst to increase the active surface of fats thereby enhancing the action of lipase which helps to hydrolyze triglyceride molecules into fatty acids and monoglycerides and favors the formation of micelles consisting of lipolysis products. Different types of emulsifiers commercially available include sodium stearoyl-2-lactylate (SSL), lysophospholipids, 1, 3-Diacyl glycerol, lysophosphatidylcholine, Tween 20, Tween 80, soy lecithin etc. Some studies reported that emulsifier had a positive impact on growth performance, nutrient digestibility in animals (Roy et al., 2010; Zhang et al., 2011; Zhao et al., 2015; Upadhaya et al., 2016) , and in lowering serum cholesterol and triglyceride (Zhao et al., 2015) . A systematic selection 255 of the type of emulsifier for making an emulsion is based on hydrophilic-lipophilic balance (HLB) concept (Hasenhuettl, 2008) . Compared to individual emulsifier, a suitable combination of emulsifiers has been reported to enhance stability (Boyd et al., 1971) . However, the information on the blends of emulsifier with different HLB values in the broiler diet is not available. The blends of emulsifier used in the current study consisted of sodium stearoyl-2-lactylate and Tween 20.
Sodium stearoyl-2-lactylate has been used as an emulsifier, aerating agent, as a whipped topping as well as fat replacer (EFSA, 2013) . It consists of a mixture of sodium salts of stearoyl lactylic acids and minor proportions of other salts of related acids which are formed by the esterification of commercial stearic acid with lactic acid, and neutralized to sodium salts. Tween 20 is a polyoxyethylene sorbitol ester. It is a frequently used member of the polysorbate family. It has been used for the extraction of membrane bound proteins, lysis of mammalian, as well as emulsifying agents for the preparation of stable oil-in-water emulsions.
The blend of emulsifiers such as sodium stearoyl-2-lactylate (80%) with a HLB value of 10 to 12 and Tween 20 (20%) with a HLB value of 16.7 were used with the assumption that these blends may have increased stability leading to increased energy efficiency and better performance in broilers.
Therefore, the aim of this study was to assess the influence of dietary supplementation of different levels of emulsifier blends on growth performance, nutrient digestibility, serum lipid profiles, and meat quality of broilers.
MATERIAL AND METHODS
The experimental protocols describing the management and care of animals were reviewed and approved by the Animal Care and Use Committee of Dankook University (DK-1-1638)
Tested Product
The tested product, which is the blend of sodium stearoyl-2-lactylate (80%) and Tween 20 (20%), was obtained from a commercial company (Daeho Co. Ltd., Seoul, South Korea).
Experimental Design, Animals and Diets
In the present experiment, a total of 768 1-d-old Ross 308 male broiler chicks with an average initial body weight of 45.55 ± 0.34 g were used in a 5 week feeding trial. The chicks were sorted into 4 treatments, 12 replications per treatment, and 16 birds per pen. Dietary treatments included: T1, basal diet (CON); T2, CON + 0.05% emulsifier blends; T3, CON + 0.075% emulsifier blends; T4, CON + 0.10% emulsifier blends. Broiler chickens were raised in a temperature- controlled room with stainless steel pens of identical size (1.75 × 1.55 m 2 ). Room temperature was maintained at 33 ± 1
• C for the first 3 d, and then gradually reduced by 3
• C a week until reaching 24 • C and maintained for the remainder of the experiment and the relative humidity was around 60%. Fluorescent lights were used for 24 h/d as a source of artificial light so as to provide access to feed and water as well as to regulate feed intake especially during the cooler hours of the day. The intensity of light was 10 lux. Broiler chickens received diet and water ad libitum. All diets were formulated according to requirements recommended by the NRC (1994) and provided in crumbled form (Table 1) .
Experimental Procedure, Sampling, and Assay
The broilers were weighed by pen and feed intake was recorded on d 0, d 7, d 21, and d 35 to calculate body weight gain (BWG), feed intake (FI), and feed conversion ratio (FCR).
At the end of the experiment, apparent total tract digestibility of dry matter, nitrogen, and fat were determined using chromic oxide as an indicator. All broilers from randomly selected 8 pens per treatment were fed diets mixed with 0.2% Cr 2 O 3 for seven days before excreta collection. All excreta were pooled by pen and mixed, after which a representative sample was stored in a freezer at −20
• C until analysis. Before chemical analysis, the excreta samples were thawed and dried for 72 h at 50
• C in a forced-air oven (model FC-610, Advantec, Toyo Seisakusho Co. Ltd., Tokyo, Japan), after which they were finely ground to a size that could pass through a 1-mm screen. All excreta samples were then analyzed for dry matter (DM), energy, and fat. Chromium was analyzed using UV absorption spectrophotometry (UV-1201, Shimadzu, Kyoto, Japan) and the apparent total tract digestibility (ATTD) of DM, energy, and fat were calculated using indirect methods described by Williams et al. (1962) . Feed and excreta samples were ground to pass through a 1 mm screen, after which they were analyzed for N (method 968.06; AOAC International, 2000), Ca (method 984.01; AOAC International, 2000), P (method 965.17; AOAC International, 2000), and fat (method 954.02; AOAC International, 2005). Nitrogen was determined (Kjeltec 2300 Nitrogen Analyzer; Foss Tecator AB, Hoeganaes, Sweden), and CP was calculated as N × 6.25. The gross energy was analyzed by measuring the heat of combustion using oxygen bomb calorimeter (Parr 6100 instrument Co., Moline, IL).
At the end of the experiment, 12 birds (1 bird/pen) were randomly chosen from each treatment and blood samples were collected under fed conditions from the brachial wing vein using a sterile syringe in vacuum tubes containing no additive. Serum was harvested by centrifuging the sample at 3,000 × g for 15 min at 4
• C after which the serum was removed and stored at −20 • C until analysis of total cholesterol, low density lipoprotein (LDL), high density lipoprotein (HDL), and triglyceride using an automatic blood analyzer (Advia 120, Bayer, Tarrytown, NY) using colorimetric methods (Zhao and Kim, 2017) .
For physicochemical properties of the breast meat, one bird per pen (n = 12) from each treatment was killed by cervical dislocation after collection of blood sample. Immediately after sacrifice, organs such as gizzard, breast meat, bursa of Fabricius, liver, spleen, and abdominal fat were then removed by trained personnel and weighed. The weight of collected organs was expressed as a percentage of body weight. The values for breast muscle Hunter CIE lightness (L * ), redness (a * ), and yellowness (b * ) were determined using a Minolta CR410 chromameter (Konica Minolta Sensing Inc., Osaka, Japan) and duplicate pH values of breast muscle for each sample were measured using a pH meter (Fisher Scientific, Pittsburgh, PA). The water-holding capacity (WHC) was analyzed according to the methods described by Kauffman et al. (1986) . Drip loss was measured using approximately 2 g of meat sample according to the plastic bag method described by Honikel (1998) .
Statistical Analysis
The data were analyzed using the GLM procedure of SAS (SAS Institute, 2002 ) in a randomized complete block design. Pen served as the experimental unit. Linear and quadratic polynomial contrasts were used to examine responses to supplemental graded levels of emulsifier at 0.075%, 0.10%, and 0.15% in the basal diet. Variability in the data was expressed as the standard error of means (SEM) and P < 0.05 was considered to be statistically significant and P <0.10 was considered as a trend. Pearson's correlation coefficients and probabilities were generated using the Correlation procedures of SAS, (SAS Institute, 2002) .
RESULTS

Growth Performance
The supplementation of the basal diet with 0.05%, 0.075%, and 0.10% emulsifier blends (SSL and Tween 20) linearly increased (P = 0.0001) BWG and improved FCR (linear effect P = 0.0001) on d 7 to 21, d 21 to 35, as well as during the overall rearing period. However, feed consumption was similar in control and emulsifier fed groups (Table 2) .
Nutrient Digestibility
Supplementing the diet with different levels of emulsifier blend linearly increased (P < 0.05) DM and fat digestibility. However, no significant effects were observed on nitrogen digestibility (Table 3) .
Serum Lipid Profile
Results of serum lipid profile are shown in Table 4 . No significant effects (P > 0.05) were observed on total cholesterol; triglyceride, and HDL levels in the serum of broilers fed emulsifier blend supplemented diets. However, a trend (P = 0.051) in reduction in LDL were seen in T3 and T4 compared to T1 and T2.
Meat Quality and Relative Organ Weight
As shown in Table 5 , the lightness value of breast muscle color linearly increased (P = 0.001) with the increase in the level of emulsifier blend. The redness and yellowness value were slightly increased (P = 0.072 and P = 0.094 respectively) and the WHC also tended to linearly (P = 0.078) reduce in emulsifier supplemented birds. With regards to relative organ weight, spleen weight was linearly decreased (P < 0.001) and liver weight was linearly increased (P = 0.04) with the increase in the supplemental levels of emulsifier blends. 
Pearson's Correlation Coefficients
The Pearson correlation coefficients and probabilities between growth performance indices at different periods, nutrient digestibility, and emulsifier content in the diet are presented in Table 6 . A strong positive correlation was seen between emulsifier content in the diet and BWG and a strong negative correlation between emulsifier content in the diet and FCR during days 7 to 21, 21 to 35, and overall (days 1 to 35). In addition, BWG had a strong negative correlation, with FCR in each experimental phase as well as the overall experimental period. The emulsifier content in the diet positively correlated with DM and fat digestibility. In addition, DM digestibility exhibited strong positive correlation with fat digestibility.
The Pearson correlation coefficients and probabilities among serum lipid profiles, breast muscle color, and emulsifier content in the diet are presented in Table 7 . A negative correlation was seen between emulsifier content in the diet and LDL/C levels in the serum. In addition, a strong negative correlations was also seen between total cholesterol and LDL/C in the serum. A strong positive correlation was seen between emulsifier content and breast muscle color indices (L * , a * , b * ). The lightness positively correlated with redness scores. 
DISCUSSION
Sodium stearoyl-2-lactylate and Tween 20 blends having a hydrophilic property were evaluated in the current study as a fat emulsifier in broilers that were fed diets containing tallow as the main energy source. Based on the results of the current study, the BWG and FCR were linearly improved in the birds fed the emulsifier supplemented diet during d 7 to 21, d 21 to 35, and overall. Furthermore, a positive correlation between emulsifier content in the diet and BWG was seen. In agreement with our findings, Wang et al. (2016) suggested that addition of 0.05% SSL in a low energy density diet with tallow as the fat source improved the growth performance of broilers to the same levels as a high energy diet. The addition of emulsifier, lysophospholipid (0.05% and 0.10%) in the diet of broiler improved BWG and FCR as reported by Zhao and Kim (2017) . The improvement in BWG and FCR observed during the starter as well as finisher period due to the emulsifier is reported due to inefficiency in lipase activity before 40 days of age. In the current study, a strong negative correlation between FCR and BWG was seen. In agreement with our findings, a negative correlation of high magnitude between FCR and BWG was also reported by Santana et al. (2012) indicating that lower FCR leads to enhanced feed efficiency.
Broilers at young age are physiologically incapable of responding to the energy levels included in prestarter and starter diets (Tancharoenrat et al., 2014) . Young poultry present lower fat digestion capacity as compared to older birds due to synthesis and recirculation of bile salts at a low rate (Tancharoenrat et al., 2013) . However, the inclusion of bile salts in the diet reportedly improved fat absorption in young chickens and augmented production performance in animals (Maisonnier et al., 2003; Dersjant-Li and Peisker, 2005; Alzawqari et al., 2011) . Thus, the supplementation of graded levels of emulsifier was expected to enhance utilization efficiency of dietary fat. In the current study, the digestibility of DM and fat was linearly increased with the increase in the inclusion levels of emulsifier blend which is in agreement with a study that included basal broiler diet supplemented with glycerol polyethylene glycol ricinoleate at concentrations of 1% and 2% of added fat (Roy et al., 2010) , indicating positive effects of emulsifiers on digestion of fat as well as other nutrients. A positive correlation was seen between emulsifier content in the diet and DM and fat digestibility. Our previous studies on different emulsifiers such as 1, 3 diacylglycerol, and lysophospholipid also suggested an improvement in fat digestibility when a basal diet was supplemented with graded levels of emulsifier in broilers and weaning pigs (Zhao et al., 2015; Upadhaya et al., 2016) . In addition, DM digestibility strongly correlated with fat digestibility and this might have resulted in improved growth performance in broilers.
The type of fat added to the diet can modify the concentration of serum lipids such as triglyceride, cholesterol, HDL, and LDL. The inclusion of saturated fatty acid, such as tallow or lard, increases the levels of these lipids. The supplementation of emulsifier may help to reduce the concentration of cholesterol, LDL, and triglyceride by efficient utilization of energy. Roy et al (2010) indicated that glycerol polyethylene glycol ricinoleate at concentrations of 1% and 2% reduced LDL and total cholesterol. In the current study also the concentration of LDL/C had tended to reduce linearly in birds fed graded levels of emulsifier and a negative correlation existed between emulsifier content and LDL/C indicating the positive effect of emulsifier in promoting the health of broilers. However, other serum lipid fractions such as cholesterol, triglyceride, and HDL did not seem to be significantly influenced by including emulsifier in the diet despite an enhancement in fat digestibility when the emulsifier blend was added to the diet. Guerreiro Neto et al. (2011) did not observe any effect on serum lipid profiles when milk-derived casein was added to broilers' diet. Likewise, Wang et al. (2016) did not observe any significant effect on lipid profiles when broilers were fed diet supplemented with 0.05% SSL. The inconsistent findings could be due to types and levels of emulsifier and type of diet used.
The two most important attributes for meat are color and texture. The consumers' expectation of a meat product during initial selection as well as final product satisfaction is influenced by the visual appearance characteristics of the meat product (Banovic et al., 2012) . Previous studies demonstrated that the color is the most important fresh meat characteristic at the point of purchase (Gracia and de Magistris, 2013; Mancini, 2013) . The color of meat is classified on the basis of lightness values as dark (L * < 50), normal (50 < L * < 56) or pale (L * > 56) according to Petracci et al. (2004) .
Thus, lightness value is suggested to be used as an indicator of poultry breast meat color for further processing and evaluation of a pale, soft, and exudate like condition (Petracci et al., 2004 ). In the current study, the breast muscle had acidic like characteristics and the pH was particularly low suggesting the high level of muscle glycogen content before sacrifice and birds in a fed status. A positive correlation was seen between emulsifier content in the diet and breast muscle colors leading to increase in lightness, redness, and yellowness scores. The lightness value of breast muscle was linearly increased from 51.5 to 54.1 in birds fed a graded level of emulsifier blends indicating the positive effect of emulsifier supplementation. A trend of linear increase in the yellowness in breast muscle was observed. The modification of color could be related to xanthophyll content in the muscles as the corn content in the diet was high. Improving lipid digestibility probably improved xanthophyll digestibility as these pigments are liposolubles. Despite the lower degree of redness in the breast muscle as compared to the leg muscle, the redness value of breast muscle also showed a trend in increment with the increase in the level of emulsifier. The slight increase in redness could be due to presence of myoglobin on the meat surface. The surface of meat blooms as myoglobin is oxygenated giving the freshly cut meat a bright red color (Boles and Pegg, 2010) . The trend in reduction in WHC in birds fed an emulsifier supplemented diet can be attributed to low pH. With regards to organ weight, fat emulsifier blend supplementation did not affect the relative weight of breast muscle, abdominal fat, and gizzard significantly in the current study. However, the relative weight of the spleen decreased linearly and liver weight increased linearly with increasing emulsifier level in the broilers' diet. Except for reduction in spleen weight, the present study is in line with the findings of various studies (Roy et al., 2010; Guerreiro Neto et al., 2011; Luc et al., 2013; Zhao and Kim, 2017) which reported that emulsifier supplementation had no effect on internal organ weights of broilers. The increased utilization of fat as a source of energy when the diets contain fat and fat emulsifier may be the possible reason for this result (Nobakht, 2011) . The linear reduction of spleen weight due to the emulsifier blend is unclear.
Spleen weight reduction due to the emulsifier may lead to an immunosuppressive effect leading to health problems. Thus, further studies are needed to know the mechanism behind the spleen weight reduction with emulsifier supplementation. The increase in liver weight may be due to an increase in metabolic activity related to improved fat digestibility.
CONCLUSION
In conclusion, the blends of emulsifiers supplemented to the broiler diets led to improved growth performance which could be due to improved fat and DM digestibility. Except for LDL, the lipid profile in serum was unaffected with emulsifier supplementation. Likewise, meat quality was not influenced except for the increase in the lightness, and a slight increment in yellowness and redness values, increase in liver weight, and linear reduction in the relative weight of spleen in birds fed graded levels of emulsifier blend. The reason for the reduction of spleen is unknown and further investigation on the role of the emulsifier containing SSL and Tween 20 is necessary to explain the cause of spleen weight reduction.
